Abstract We report two detrimental neurologic complications after technically correct selected cervical nerve root blocks. Based on these cases and a thorough review of the literature, the indication for cervical nerve root blocks was reconsidered and limited. Similarly, we modified our technique to further reduce the likelihood for the occurrence of such severe complications.
Introduction
The rationale for selective nerve root blocks is to tackle the inflammatory component of a nerve root compromise caused by a herniated disk or an osseous foraminal stenosis. Therefore, the goal is not to cure the patient by interfering with underlying pathogenetic factors, i.e., mechanical compression responsible for the radiculopathy but rather to provide temporary relief from peak pain during the time required for spontaneous resolution of radiculopathy [10, 11, 15] .
There are only a few studies regarding selective cervical nerve root blocks [10, 11] . Strobel et al. [19] reported on 60 patients with cervical radiculopathy. The authors investigated whether magnetic resonance imaging findings can predict pain relief after CT-guided cervical root nerve block. The mean percentage of pain reduction (VAS) was 46 %. Patients with foraminal disk herniation, foraminal nerve root compromise, and no spinal canal stenosis appear to have the best pain relief after this procedure. Berger et al. [2] reported effective long-term pain relief in 11 of 18 patients with cervical radiculopathy (61 %) undergoing CT-guided foraminal injections. Slipman et al. [18] retrospectively investigated fluoroscopically guided cervical nerve root block in 20 patients with cervical spondylotic radicular pain. In 60 % of the patients, an overall good or excellent result was observed. Vallee et al. [21] treated 32 patients with chronic cervical radiculopathy unresponsive to medical treatment alone by periradicular corticosteroid injections. The mean evolutionary trends for radicular and neck pain relief were significant at 14 days (P \ 0.001) and at 6 months (P \ 0.001). The procedure did not produce any complications. In a large series of 802 procedures using an anterior oblique approach, Phobiel et al. [14] did not encounter any major complications.
Complications subsequent to cervical nerve root blocks remain very rare but may be more common than generally anticipated [17] . This particularly includes detrimental complications of the basilary arterial territory such as cerebellar and spinal cord infarction [16, 20] . Most often, such complications appear to be associated with the dissection or intra-arterial injection of crystalline steroids of the vertebral artery [17] . Such complications should be avoidable using image guidance correctly, both fluoroscopy and CT. However, there appears to be the possibility of infarction resulting from impaired perfusion of the major feeding anterior radicular artery of the spinal cord [4] . Such small vessels [8] may not be seen during image-guided injection, whatever imaging method is employed. This makes it practically impossible to avoid such complications.
The objective of this case report is to communicate detrimental complications after technically correct nerve root blocks in two patients resulting in incomplete transient tetraparesis as well as to discuss the procedural consequences implemented in our institution.
Case studies

Case 1
The first patient was a 71-year-old woman who developed a tetraplegia subsequent to a cervical nerve root block and was referred to our spinal cord injury unit. A radiologist with an experience of approximately 1,000 cervical nerve root injections had performed a C7/T1 foraminal injection on the left side, based on the presence of a foraminal stenosis. The needle was placed outside the intervertebral foramen to diminish the risk of an intravascular injection (Fig. 1a) . A tentative injection of contrast media demonstrated extraforaminal contrast distribution. The report indicates that ''diluted'' Iotralan (Isovist Ò , Bayer-Schering Pharma, Berlin, Germany) was used. The following injection using triamcinolon (40 mg, 1 ml Kenacort 40 Ò , Dermapharm, Huenenberg, Switzerland) and-according to the report-a ''small'' amount of local anesthetics (Bupivacain, Carbostesin Ò , AstraZeneca, Zug, Switzerland) led to immediate and excruciating pain and tetraplegia. An MR of the cervical spine performed on the day after injection demonstrated ischemic myelopathy at the C5-C7 levels (Fig. 1b) . The patient initially had a complete tetraplegia below the C5 level, AIS A which recovered to AIS D [12] during the following 8 months of rehabilitation. In spite of the improvements during rehabilitation, the patient remained wheelchair-bound.
Case 2
The second patient was a 59-year-old man with chronic radicular C6 and C7 right-sided pain in the presence of cervical spine degeneration. Periradicular injection of both the C6 and C7 nerve root were requested by the referring physician. For both injections, 23 gauge (0.6 mm), 6-cm long needles were used according to the institution's standard protocol. The needles were advanced step-by-step, while injecting small amounts of ropicvacain (Naropin Ò , 0.2 %, AstraZeneca, Zug, Switzerland). The C6 injection was performed first and was uneventful. For the C7 injection, the needle tip was placed at the entrance of the C6/7 foramen dorsally. 0.5 ml of contrast agent was injected after needle placement under fluoroscopic control (Iopamidol, Iopamiro 200 Ò , Bracco, Milan, Italy). Contrast distribution was in the posterior part of the foramen (Fig. 2a) . 20 mg (0.5 ml) of triamcinolon (Kenacort 40 Ò , Dermapharm, Huenenberg, Switzerland) and 1 ml of Naropin Ò 0.2 % (Ropivacain, AstraZeneca, Zug, Switzerland) were then injected. Nearly immediately, the patient complained about visual color misperception and severe shoulder pain and became tetraplegic with incomplete sensory-motor deficits below the C4 level, AIS C [12] within minutes. MR images obtained 1 day after injection demonstrated spinal cord signal abnormalities consistent with ischemic myelopathy at the C4-C6 levels (Fig. 2b) . The patient improved considerably and was dismissed after 4 months of rehabilitation with incomplete tetraplegia below C4 (AIS D). He was ambulatory without aids. However, paresis accentuated at the hands persisted, consistent with a mild central cord syndrome.
Discussion
In the light of the aforementioned detrimental and unexpected complications, a critical re-assessment of the indication for selective cervical nerve root blocks is prompted.
Approximately at the time of the second incident, an article was published by Scanlon et al. [17] highlighting complications of cervical nerve root injections. This crosssectional survey described the occurence of 78 severe neurological side effects in the context of cervical transforaminal injections in the United States. An embolic mechanism was assumed for the majority of cases reported by Scanlon et al. [17] and is likely to have caused the spinal injury in our patients as well. An inadvertent intra-arterial injection of particulate corticosteroid was reported to cause a distal infarction [17] . The most common complication was infarction related to the vertebrobasilary territory (n = 16). Many complications, however, were not explained by injection into the vertebral artery but rather by injection of radicular arteries communicating with the anterior spinal artery and a network of medullary vessels [17] . There are few articles describing the relevant anatomy [8] . These radicular arteries are small, variable in number and location and may not be detected during image-guided contrast injections. Based on this description, there is no safe way to avoid these vessels by using a certain needle position or type [5] . To observe blood flowing back into the syringe before injection and then to reposition the needle may not be more useful because sensitivity of backflow of blood for intra-arterial needle position is only 45.9 % [6] . Imaging may detect inadvertent intravascular injections. CT precisely demonstrates the needle tip in relation to the vertebral artery [22] , but may not detect very small vessels and vessels running out of the imaging plane [3] . CT has not been proved to be less safe than fluoroscopy guidance. In the article by Scanlon et al. [17] , 59 of the 78 injections were performed by anesthesiologists, 13 by physiatrists, two by orthopedic surgeons, and one each by a radiologist, a neurologist and family medicine physician. It is fair to assume that most of these injections have been performed under fluoroscopic guidance and not with CT.
There are many different types of fluoroscopic units. Although contrast within small vessels may indeed be better demonstrated by fluoroscopy this requires optimal equipment, possibly with subtraction imaging [3] . A test injection of local anaesthetics has been recommended in order to prevent intravascular injection of steroids [9] . In case of intravascular injection, transient neurological symptoms may occur which prevent the injection of steroids. Based on the current literature [1, 13] , the use of non-particulate steroids is advocated when injections are made around the spinal cord including the conus because of the decreased risk of a neurologic complication. According to a recent review, the study by Scanlon et al. shows the strongest association to date between particulate corticosteroids and brain/spinal cord infarctions [1] .
In a pig model, injection of particulate steroids (methylprednisolone) into the vertebral artery lead do death in 4/4 animals while all non-particulate steroids (dexamethasone, prednisolone) survived and did not demonstrate gross abnormalities on MR images or histologically. There has been a debate regarding the use of blunt versus pointed needle tips but no obvious advantage of blunt needles has been shown [7, 8] .
Conclusions
Cervical nerve root blocks may more commonly cause complications than anticipated by many physicians ordering or performing nerve root blocks. The location of the injection close to delicate central nervous structures and their ample vascular supply entails the possibility of severe neurological complications, one of the most likely being infarctions of the cervical cord and ischemia within the territory of the vertebrobasilary system. Careful needle positioning and documentation is required. Probatory injection of local anesthetics is recommended prior to the injection of the therapeutic compound. Application of non-particulate steroids is recommended.
Procedural modifications made in our center
Based on the aforementioned conclusions, we have discontinued the use of pure diagnostic subaxial and therapeutic atlanto-axial nerve root blocks because of the immanent risks. However, we continue with the application of therapeutic subaxial selective cervical nerve root blocks if:
• patients gave an informed consent after being informed that there is a small (estimated 1:3,500) but unavoidable risk of severe complications associated with cervical nerve root blocks including permanent neurological damage • indication is unequivocal, i.e., radicular pain concordant with imaging findings and severe symptoms nonresponsive to usual conservative treatment • a strictly posterior approach can be done with the patient in the supine position. The needle tip is placed at the antero-lateral aspect of the facet joint. The needle is not further advanced into the course of the nerve root in order to avoid any chance of injecting a radicular artery (Fig. 3) • probatory injection is possible with local anaesthetics.
The patient is asked about any new symptoms before steroids injection after a waiting period of at least 2 min • non-particular (e.g., dexamethasone) steroids are injected slowly.
